. Median number of trabectedin cycles was 3 (range, 1-17). About 69/72 patients (95.8%) were evaluable for response: 9 patients (13%) achieved partial response and 26 (37.7%) stable disease. According to histotype, clinical benefit (partial response + stable disease) was reported in synovial sarcoma (n=5), retroperitoneal liposarcoma (n=10), myxoid liposarcoma (n=5), leiomyosarcoma (n=8), high-grade undifferentiated pleomorphic sarcoma (n=5), Ewing/ peripheral primitive neuroectodermal tumor (n=1), and malignant peripheral nerve sheath tumor (n=1). Any grade AEs were noncumulative, reversible, and manageable. G3/G4 AEs included anemia (n=1, 1.4%), neutropenia (n=7, 9.6%), liver toxicity (n=6, 8.3%), and fatigue (n=2, 2.8%). With a median follow-up time of 11 (range, 2-23) months, median progression-free survival and OS of the entire cohort were 2.97 months and 16.5 months, respectively. Conclusion: Our experience confirms trabectedin as an effective therapeutic option for metastatic lipo-and leiomyosarcoma and suggests promise in synovial sarcomas and high-grade undifferentiated pleomorphic sarcoma.
Introduction
Trabectedin (Yondelis ® , Pharma Mar, Madrid, Spain), a novel tetrahydroisoquinoline alkaloid, is a marine antineoplastic agent registered in Europe and other countries for the treatment of adult patients with advanced soft tissue sarcoma (STS), after failure of anthracyclines and ifosfamide, or in patients who are unsuitable to receive these agents. The compound was originally extracted from the Caribbean sea squirt Ecteinascidia turbinata and is now produced synthetically by PharmaMar. Trabectedin is a DNA-binding agent with multiple mechanisms of action based on binding to the minor groove of the DNA double helix, leading to a cascade of events that interfere with several transcription factors, DNA-binding proteins, and DNA-repair pathways, resulting in G 2 /M cell cycle arrest and ultimately apoptosis. 1 The mechanisms of action of trabectedin, together with clinical evidence and the in vitro demonstration 
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De sanctis et al of selective cytotoxicity to human monocytes and inhibition of a number of functionally relevant proinflammatory cytokines, suggest that trabectedin acts as multitarget agent on the tumor microenvironment and directly inhibits tumor cell proliferation. 1 Although trabectedin has shown cytotoxic activity against a range of STS, ovarian cancer, metastatic castration-resistant prostate cancer, and advanced breast cancer, 2 it appears to be especially active in patients with liposarcoma, specifically myxoid, and leiomyosarcoma. [2] [3] [4] [5] [6] [7] [8] Myxoid liposarcomas and some other STS subtypes, including synovial sarcoma and Ewing's sarcoma, are characterized by the presence of chromosomal translocations, 9 and there is evidence that trabectedin may have a highly specific mechanism of action in translocationrelated sarcomas by displacing the product of chimeric fusion oncoproteins critical for disease pathogenesis and tumor progression. 10 Here, we review our institutional series of patients with advanced STS treated with trabectedin to evaluate and compare its efficacy in specific histologic subgroups of STS.
Materials and methods
This was a retrospective analysis of all patients with advanced anthracycline-pretreated STS treated with trabectedin at Humanitas Cancer Center between March 2008 and May 2014. Patient medical records were reviewed to collect tumor response, treatment outcome, and safety data in specific histological subgroups.
Consecutive patients with histologically confirmed STS, previously treated with at least one anthracycline-based chemotherapy regimen, and with radiological and measurable evidence of progressive disease were included in the study. Patients were aged over 18 years, with an Eastern Cooperative Oncology Group (ECOG) performance status (PS) #3, life expectancy .3 months, absolute neutrophil count .1,500/mm 3 , platelet count .100,000/mm 3 , hemoglobin levels $9 g/dL, normal liver function defined as normal bilirubin levels, and aspartate aminotransferase and alanine aminotransferase levels less than 2.5 times the upper limit of normal.
Pretreatment evaluation included full medical history, previous treatments, complete physical examination, blood count, and a serum biochemistry panel, testing for hepatitis B and C virus, a contrast chest and abdomen computed tomography (CT) scan, or chest CT scan plus abdomen magnetic resonance imaging for patients with renal failure (CT contrast medium not administrable).
The institutional review board of Humanitas Cancer Center (IRCCS, Rozzano, Italy) approved the study. All procedures were conducted in accordance with the Declaration of Helsinki and local ethics regulations. Written informed consent to treatment and to the use of clinical data for scientific purposes had been provided by all patients at the time of chemotherapy administration.
Trabectedin was administered at a dose of 1.5 mg/m 2 (with a total top dose of 2.6 mg) by continuous 24-hour intravenous infusion through a central venous access every 3 weeks. Weekly biochemistry and blood count tests were performed during the intercycle. No dose reduction was initially planned for reversible noncumulative transaminitis. The dose was reduced to 1.2 mg/m 2 in case of grade 4 neutropenia lasting more than 5 days, neutropenic fever, grade 4 thrombocytopenia, bilirubin increase, or 3-week-lasting transaminitis and was reduced to 1.0 mg/m 2 in case of further bone marrow and/or liver toxicity. Any patient requiring a dose reduction continued to receive a reduced dose for the remainder of the treatment.
Premedication against hepatic toxicity and as antiemetic prophylaxis consisted of dexamethasone 4 mg orally twice daily on days -1, +1, and +2. In addition, an intravenous 5-hydroxytryptamine-3 antagonist and an intravenous bolus of 20 mg of dexamethasone were also administered approximately 20 minutes before the start of trabectedin infusion.
Granulocyte colony-stimulating factor and erythropoiesisstimulating agents were permitted only in accordance with American Society of Clinical Oncology guidelines. 11, 12 Treatment continued until disease progression or discontinuation for other reasons, such as unacceptable toxicity or consent withdrawal.
The primary objective of the study was to evaluate best response rate according to Response Evaluation Criteria in Solid Tumors (RECIST) criteria version 1.1 13 and incidence of severe adverse events (AEs) according to the National Cancer Institute Common Terminology Criteria for Adverse Events (NCI-CTCAE) version 4.02.
14 Secondary objectives included Kaplan-Meier estimates of progression-free survival (PFS) and overall survival (OS) and response evaluation defined by the growth modulation index (GMI) 15 induced by trabectedin. GMI was calculated as the ratio between PFS after trabectedin treatment (PFS T ) and PFS after first/previous treatment line (PFS 1 ) in each single patient.
Disease evaluations were carried out at baseline (predose, but not more than 3 weeks before initiating treatment with trabectedin), after the first two cycles, and then every three cycles, according to regulatory indications. Response analyses included all patients who received at least one dose of trabectedin and for whom a radiological response evaluation was available. After completion of treatment, patients Drug Design, Development and Therapy 2015:9 submit your manuscript | www.dovepress.com
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Trabectedin in sarcoma were similarly evaluated every 3 months until disease progression. Patients were also observed for survival until death or last contact if still alive.
statistical analysis
The study was planned as a retrospective evaluation of treatment with trabectedin in a consecutive series of pretreated patients. Actuarial survival curves were generated using the Kaplan-Meier method. Median follow-up time was estimated with the use of the inverse Kaplan-Meier method. PFS was defined as the time from the first day of study treatment until disease progression, as shown by radiological or clinical examination, or death from any cause. Patients without any evidence of progressive disease were censored at the date of their last follow-up. OS was calculated as the time from the first day of study treatment until death from any cause; patients who were alive on the date of their last follow-up were censored on that date. We estimated the correlation coefficient between PFS 1 and PFS T . The exploration of the link between GMI and OS was carried out using log-rank test. PFS and OS after treatment with trabectedin were also analyzed according to ECOG PS, age, histology, sex and line of therapy, and response. Differences between strata were evaluated using the log-rank test. Statistical significance was set at 0.05, and all analyses were performed with the R software package.
Results
Patient population
A total of 72 patients with advanced, anthracycline-pretreated STS were treated.
Demographic and clinical characteristics are summarized in Table 1 . The male/female ratio was 1:1. The median age was 48 years (range, 20-75 years). Most had an ECOG PS of 0 or 1 (88.9%). Median number of chemotherapy regimens in the metastatic setting before trabectedin was 1 (range, 0-5). Three patients had been enrolled in a randomized Phase III study comparing trabectedin to doxorubicin-based chemotherapy as first line in patients with metastatic sarcoma. 16 A median of three cycles of trabectedin per patient were administered (range, 1-17).
Efficacy
Sixty-nine patients were evaluable for response. Three patients stopped treatment before the first evaluation: one died of rapid progressive disease and two stopped chemotherapy due to persistent liver toxicity. All of these patients were considered to have progressed according to an intentionto-treat-analysis.
A partial response (PR) was achieved in nine patients, for an objective response rate of 13%. Twenty-six patients (38%) were considered to have stable disease (SD), and 34 (49%) had progressive disease. No complete response was observed. Overall, the disease control rate (DCR, defined as PR + SD) was 51%. According to histotype-based evaluation (Figure 1) , the best responses were recorded among No response was observed in a case of high-grade endometrial stromal sarcoma. A summary of treatment exposure and efficacy endpoints is presented in Table 2 . With a median follow-up of 11 months (range, 2-43 months), 48 patients had died by the time of the study, whereas 24 were still alive. Median PFS of the entire cohort was 2.97 months (range, 2-42.3 months). Median OS was 16.5 months (range, 0.8-43 months). Kaplan-Meier curves for PFS and OS in the total population are presented in Figures 2 and 3 , respectively.
The median PFS after PFS 1 was 4.53 months (range, 0-48.9 months). The median PFS T was 2.76 months (range, 2-42 months). The median growth modulation index (PFS T / PFS 1 ) was 0.47 (range, 0.02-31.54). Twenty-one patients (29.2%) experienced a GMI .1.33, which was suggested to be a clear sign of drug activity by Von Hoff. 15 There was a strong correlation between GMI and OS: correlation coefficient r was 0.34 ([95% confidence interval, 0.12-0.53], P=0.0036). Considering two subgroup of patients with GMI #1.33 and GMI .1.33, the median OS was 12.27 and 22.33 months, respectively, and GMI .1.33 was associated with a significant improvement of OS (P=0.03; Figure 4) .
Patients with disease control (PR + SD) had a longer OS (30.5 vs 6.2 months; P,0.0001). Patients with an ECOG PS of 0 had a similar DCR to that of patients with higher ECOG PS (51.3% vs 50%). No difference was observed in 
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safety
All 72 patients were included in the safety analysis, and a total of 314 cycles were evaluable for toxicity. Treatment with trabectedin was generally well tolerated, and the toxicity profile of trabectedin in this study was consistent with AEs previously reported. The most common trabectedin-related AEs were liver toxicity, fatigue, and constipation with a global incidence of 83.3%, 27.8%, and 18%, respectively. In general, AEs were noncumulative, reversible, and manageable.
Serious AEs are presented in Table 3 . Grade 3/4 elevation of aspartate aminotransferase and alanine aminotransferase serum levels was found in six patients (8.3%), although it appeared transient and noncumulative. There were no toxic deaths, but two patients discontinued trabectedin due to persistent toxicity over 6 weeks. Dose reduction occurred in 17 patients for grade 4/4 toxicities. Among them, we observed a hemothorax as a complicated response to trabectedin in a patient with undifferentiated pleomorphic sarcoma with lung metastases. A second patient experienced fatigue, which was highly interfering with his daily activities, only partially responding to drug dose reduction and supportive care, so the patient himself withdrew the informed consent to the treatment, notwithstanding a SD observed at the evaluation CT scans.
Discussion
Our experience in anthracycline-pretreated patients with advanced STS confirms that trabectedin is an effective therapeutic option for patients with metastatic liposarcoma and leiomyosarcoma and that it could also be a promising option for patients with synovial sarcoma and high-grade undifferentiated pleomorphic sarcoma (HGUPS). Of note, HGUPS are a very aggressive neoplasm and relatively poorly chemosensitive.
We showed that trabectedin provided in the entire population a DCR of 51%, with a median PFS of 2.97 months (range, 2-42.3 months) and a median OS of 16.5 months (range, 0.8-43 months). Despite a less rigorous patient selection in a retrospective study and the heterogeneity of histologies, outcomes were consistent with results from previous studies. 3, 7, [16] [17] [18] [19] Of note, median PFS and OS were higher in responder patients, which could be considered as obvious, but, at the same time, it highlights the urgent need of predictive factors of response to trabectedin.
It has been demonstrated that trabectedin has an encouraging activity in STS subtypes, carrying specific chromosomal translocations, resulting in increased sensitivity to chemotherapeutic agents such as trabectedin. 4, 6, 9, 16, 17, 19, 20 Trabectedin has been shown to be effective in prospective and retrospective series of patients with myxoid round cell liposarcoma, 4, 5 which has the translocation t(12:16)(q13; p11) as a genetic hallmark. This translocation produces the chimeric protein FUS-CHOP that binds to specific DNA promoters, leading to deregulated expression of downstream proteins. In vitro, trabectedin interferes with the binding of this fusion protein to DNA promoters. In our cohort, among translocation-related sarcomas (17/72, 23.6%), we observed a DCR of 58.9%, considering synovial sarcomas (DCR, 5/10 patients), myxoid round cell liposarcoma (5/6), and high grade endometrial stromal sarcoma (no response). This data suggest that chimeric oncoproteins deriving from typical sarcoma translocations represent a potential therapeutic target more than a predictive factor. Unfortunately, as for almost all molecular targets in medical oncology, the response to a target therapy depends on the interaction of alternative pathways and their related factors. Indeed, the randomized Phase III trial of trabectedin vs standard doxorubicin-based chemotherapy as first-line therapy in 88 patients with pathologically confirmed translocation-related sarcomas did not show a significant superiority of any treatment. 16 There was a nonsignificant difference in PFS between groups at the time of analysis; 29 PFS events were assessed, with 16 in the trabectedin group and 13 in doxorubicin-treated patients. There was no statistically significant difference in OS between groups (stratified log-rank test, P=0.9573; hazard ratio =0.86, P=0.6992), although the Kaplan-Meier survival curves after month 20 favored trabectedin, which could be administered for extended periods due to lack of cumulative toxicity. However, the study was underpowered for statistical analyses. Nevertheless, the study confirmed the activity of first-line trabectedin in this patient group of advanced translocation-related sarcoma.
Toward identifying particular patient subgroups that have greater or lesser sensitivity to trabectedin treatment, 22 retrospectively investigated the predictive impact of various genetic profiles from the nucleotide excision repair and homologous recombination repair DNA repair pathways in patients with advanced STSs treated with trabectedin. They found a correlation between better response and low BRCA1 (breast cancer susceptibility 1 gene) mRNA expression and high ERCC1 (excision repair cross-complementation group 1 gene) or XPG (xeroderma pigmentosum group G gene) expression in tumor samples, suggesting that these genetic signatures may represent potential biomarkers of response to trabectedin treatment. However, these data have yet to be validated prospectively, and further investigation into the main mechanisms of action of trabectedin at the cellular level and in the tumor microenvironment are required to identify biomarkers predictive of clinical benefit, which would allow the optimization of treatment outcomes through the selection of patients who may largely benefit from trabectedin-based therapies and the avoidance of unnecessary treatment in patients unlikely to respond.
Even on unselected patients within a retrospective analysis, the results of our study provide the opportunity to describe and define the use of trabectedin in patients with worse ECOG PS, both in terms of activity and toxicity. Trabectedin was generally well tolerated: the drug-related treatment discontinuation rate was 2.8%. As expected, the most common toxicities comprised liver toxicity, fatigue, and neutropenia. 23 This low toxicity profile enabled the administration of more than six cycles of trabectedin in 16.7% of patients, in accordance with the indication of treating patients until disease progression.
Moreover, our study confirms a correlation between GMI and OS in pretreated STS patients. 24, 25 The use of GMI has been shown in retrospective studies to correlate strongly with classical endpoints used in the assessment of cancer treatments in clinical trials. In our study, a GMI .1.33, considered to be an indicator of treatment activity, was associated with a significant improvement of OS (9.06 months, P=0.03). Therefore, the GMI parameter should be considered as an intrapatient comparator of PFS, with each patient/tumor couple being its own control.
Conclusion
Trabectedin provided a clinical benefit and an encouraging level of disease control in STS subgroups, with a manageable AEs profile. We consider that our data provide support for future clinical investigation of trabectedin in patients with STS not limited to liposarcomas and leiomyosarcomas, but in other subtypes, including synovial sarcoma and HGUPS.
As the mechanism of action of trabectedin may be related to the presence of specific chromosomal translocations, integrated studies of molecular biology and pharmacology are required to further define the relevant the therapeutic targets and optimal histology-driven treatment strategies for this novel antitumor agent.
